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AR A B w4 R M B 2 X RO X R, L dE
RFR T H 2 P [ % S 8O AR 8 7 ) %
JERESR DY BE I AT AR AR R 2 Rk TR sh ot
T A T 4 B LTS5 R0, SUR R g v Rk B A7 A
i fS Rk F B R AR e AR BV RS
kR, SR — AL sl 2 AL 2 R E AR H LS A
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PPN L AL 3 Ji TR BIGADGIE!, skt
PR (~10004F), HYHIRE: SRl AE b, SECLHH
O3y R A B B AR L. B PRI EE ARG D, Hid
LR A A2 FE B AT e AL, SRR S5 4472 PPN
FRAE O BRI —FRIEZS. PPNIWIL DRI b6 20 53 (BE 53
T BERG J RE AN A P e e, T LAk .
Ji—J 0, FRBIEEAR A Sy AR, IFRE T ik
SRR, PRt PPN AT 1 2 b 2 1 T 7
AYRIARSE IR 2. A SO it KL HAEFEIRZLAk .
LT MRS L U BEXT PPN R B E5 R B9, e sb 4
52, WWEARE A FEny R, JPRPPNAS
TEfE BT o0 04 54T &L % (protoplanetary  disk)i#f 47
Xt L.

TV RO SRR

B R AR BERAR, o B R AT ik
TR, SRR IR/ AR L2 R 1%, XS,
AT F BN AE b e sh RT3 24 p e RO I () 22
KPR R, S e i BEAG R S T L SRs )2 Y
I HAAFRATRES RN B A 41 L, SR
ME 2SN R R s Fra h TH, BEEKR
EIA2 ) BARYE S 2R IC 48 (FAST . GBT . EffelsbergZs) LA
Ko RIS B T35 (VLA . NOEMA . ALMAZ%)
GRLEREE BT, AW BT T M e L 2
FEE gk, HhEEFECO. CN. CS. OHAF4L
S UL R BT, BALHEHCN, CyH. CH3CNSEFE
R EMEIE R 2407, F B AR E I COm] LA
AR TE 2 B 07 B — LB B B2 B, Hor ek
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T HAE10~2519
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BEANGE 3o A LSRR I PPN LU 8 FRMERY, HAE &= ik
post-AGB 5 Hh- 622tk rhoR N ) T 731 FeL 1R
T PPN G T 8 AR ok e 4R
ML E, SRR RE R R Ok  E E
HEJEH, WPUR A I E B ik (hydrogenated amor-
phous carbon, HAC) . #AbLAEFIT5 &AL & W (1] an £
WL, polycyclic aromatic hydrocarbons, PAH)N
FROR SO PR SRR A B b 2T Ak B,
TR ER AR ST T9. 7M1 8 pm,  BRALEE AR shA7
T11.3 pm, 1005 B AL G P R R S 43 A 7E3.3
6.2, 7.7. 8.6MI11.3 um, XEELTHNIE B A SR AN
WERFETES L, BRI AR 40 & 5 (unidentified
infrared emission, UIE)*. A MW R L1 4b a8
8] B2 C 5% (infrared space observatory, ISO)YE iS40
WY T UIER) Z2 A FRIE 2 [8] 19 JCHK DL S G SRR A1 1T i
AUBRAR. A, e 2 (R W A )2 3 A A T
PRI A S0 Bl A R S B AR ST . Xl AR B e v
) BE & % B T B T2 A 2R B 4 IX SR 2 A
BB EA B RS — s R, T
ARTFHTRFEENST, (HEEAGBE I ARG
2. M, EfEpost-AGB 2 H il i IT L1 AMG IS I e s -
PRENBLS(1) v=1-2(P K H2.122 pm) B S ER
NP HERK A R 2T M B BRSO S8 T 3.
TR A 2 (A e B o b AT i o8, R
PPN EAR 1 TAE R AE19834F 41 #h K 3 T A (Infrared
Astronomical Satellite, IRAS)A 82254 FFiRHY,
1994~20004F, Parthasarathy fllHrivnakZs A 2527
TR ASHE A5 P2 AR 5 08I0 T 52 14 21 411 aok 5 e 559 R0 A S 2
WA 2B H 2050 PPN LR AR [R) B0 i it
T BT R S G5 AE 5 43 1 (spectral - energy
distribution, SED), HZLAMRBLIEE R H A 4%
PP S &5, T AT DL 2= LD A A Ik B 204k
AOLER. ek AL E ABOFIKO. J5£EHrivnak 55
ANESI2 5 1 SAEXTPPNOGAE (9 W il, R T 2940
PPN L 4.

32 BT JE (1) 2 A0 J2 AR e R T AL s A, PPN
o T GO A BT s A PR AR, e A A4y
HER(5"~10") AT T RS () PPNAS /2301, T
AT = AT PR (<1 W A PPNAL LOARAS, XA KRR
il T X = A 2 et S AR R AR b g AR
K, RSO s 1 72 50 RN B R R T, FER
RFRAT TR 2 1 o 2 XL Sk fg B PPN 254 . 5%
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TEPPNH LI 2| (3K BEA KT FREEA Y, B — 2RI &
IRIE Ty P A G R, RA G RR o AR A BRI
JESRHEN] R, Z5H0 H—, HAETE-E g 2 SUR A H
TERREE R, FHIAGBI B E 2 i )52 2001 2
SUTTRYSZNR, BT it e 23 AR T e SUR U ThD 5 1],
FEE AL AT TR R AR S5 44 it 25 2R BRI BBCAE 2L
[ 432 (common envelope, CE)"%. 19984F, SandquistZs:
APULH, CEMEAEHRIPRBTEE, FRATBULR & FIE
I T AN TR e 4544, Soker®E A P2id i 36
SRS T FEAR L H. De Marco NP, 1
CEZEAINATS 5 WU R G40 5 1B )2 ) ook <3 E08 U 1ol
ARG, W DIBUR B, MR A% ] Bex SUE 1Y J
WAy — g B3 s mm, SR B HE M s L F
HERP K. TR, AR RGBT
RIAE—E R EH BT SRS A ) 4 JRD 435
(AR RS, HETRRIZE R BN, 850 e &
SR PPNHY U AIE 5 T ik, AH OGRS A I 2 5 ik
AR IRAZ B TR R AR, DA TR o 380 8 sy ()l B, AN
FRETH fE T8 BUBL S5 AR T s B A ST 9 1 8 B 1) 455
oy,

2.2 BRAU S 53

H i & BB PPN AR A 45:24920~301N00) Horp k43
SELE T LT NG H U B i BRSO B Y. 5l an, FELTAh
W B, Sahai%e A\ P7VH] MG #4818 BRI 5% & B0 Bk Y
21 um post-AGBIFIRAS 04296+342991H —>5 ki
AT B FEE M, Kwok% APIEBLIRAS
17106-3046/1 41 /2 HAEAE—™ % BE VG5 1Y A ;- Tuthill
N B i L vE B i (Keck  Telescope) it BB 4,
T 2 S HCRE T TR T AR 2 & (Red
Rectangle)7E ITZLAMN2.1~3.3 pum) i B AT A% FR 1%,
HEMGHE R T 205 2 = W SR R R W H R TR AT
FE—~HH 0 B A1 FE 2 AR TR A 48 Deroo’s
O] FIMIDIFIAMBER J3 B BEA T 21 A0 21 2 0
D, HaEIRAS 08544-443 111 2 JAAFAE—MasE U
#; Tanner®: A3 i B B R 45 8] K 3C A (Herschel

Space Observatory)ZE100F1160 pmiZ B " A TYC
9340-437- VAAAE—>1H ) F A0 B2 F B4 4. LTS
DS F BRI S AR A 25 A A s B R, B
LM A RUR S5 R o R, Horhahir
LKA B2, RN EL k. 7EiXSEPPN AL
o, HARAE] | mmAYIRPUREH E R, X T RE R —Lt
BRRARITTE, SR fEEA T e AR BERE, o)
RETEREE — AT L. eSS, Zijlstrae A2 I £E
K4 (the Very Large Array, VLAY T —t HAARHL
MOHGHEfIpost-AGB, JFLHIRAS 07399-1435(1 412
TR H— AR EORSEH; Nakashima5 A5 H
V2K 7 451 (Submillimeter Array, SMA)FICARMA T
RS 43 5% & Bk B post-AGBIEIRAS  07134+100514
JIRAS 22272+54353E47 T W0, ¥7e Horp 2 80 T 4545
FRYAATE. AR, PPNELH IR o T fm Sl L 55, R 2
JEAL COLRREME A T 1= 25 [H] 43 HER L.

HRAE [ HT BRI, 705 5 R 4 5 1 A ) SR &
P AP B — 8 L T B VIR T AR
PPN AT AL, B bA Ay e H B 43T 1 DU R 5
TELRIZ M BOE ). fEX—BE, RS E R
FE L) 40 )2 P e A s B P 9, K LT A o i
BAEE, BATEZY TR ZHS, 5% 8 i
L JZHE R G R B IR a5 #, XA e,
n, B I B A TRAS  04296+342987
(K1 (a)) FIALMAWLI F]FUTRAS  16342-3814)8 TixZE
£ S —RREATE e R, X RE,
Yy iz S T e, A S VS PLE P AER
B EL, BN ZP R LAY O A SR SR
FERALHI BN ek RS R AT, FA
R4 il A 98 A S H (Roche lobe overflow, RLOF)¥i
WfER, T AR EIE RS, I TRLOFZ&—
RS HRE R R, X R H RN EUE, HARK
B Bl H A A, tALMAWLI Y Red RectangleFll
L, Pup™([&1(b)). T RZELMREAHS LA R, BT
KT eI AE LA ORAFAE . ARk, F)
FHALMA & £ 43 PER 4T HD 101584 HIOH23 1.8+4.245
FEAS AL 235 S48 i R S BEPPNAL Y N AT AE 5 1
220125 P TA] A0 B 25 M ARSI i B 1) i S 5 P BT 4%
4, 3K A PPN I -5 8 Ak 7 52 mTRE HL L 25 £
SRR COMAG MM Pr e &g Zefs 2. Ik, w5
X AN [] 1) 28 TR ML XA PPN A AN [) 8 Ak
P EE R .
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2.3 RJERE B

AGBEE AR, X EWE KA
WEF oA AL B RSy Frh, CORYEERER, BRI
SIPASTE BN IR /3 Cali# 0, B JH Ak
ARKFLRE R TRAMCEO. HIEARC/OHH,
AT LUK R0 E B A 243 =2 C/OL/INVT TRIMAY
B(E%). C/OZSEF1SALEFC/O KT 1HCH
B(EW). FEARKKHAGBEIES =z ER T
A — MR A g CRLR, X Rk x 4 4R
AR AL s SR, G CHdBiHE
CO™, ZARMOMIEML YA+, WSiO. SO,. SO.
OH. H,0%, BRCOZMYE R T IH A ZEIL. i & ik
HEEHCOFER 70O, FAKCUIE K&, W
HCN. HC,, N, C,S., CSLAK & a0, sse/y7
FETFH M EPRRAT SERT, ST AR E
BRSO AR RN, 324 1R E 4 I 100FAS [R] 1Y)
Oy FAE R 2 gl R B AR R X B
S, AR EEL)Z O E AL m) BLBR A I (interstellar
medium, ISM)ZFAT4) k4 3= 1 TR 2L Ay

AGBERMMNERA R R WEREMEE, Yk
LB T . BT R B2, A = B ] FH -y
BAbE R E, W E AR 28 A RIEMCN,
HNC. NH;., FRERERGEEILEM FRES. piE
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Bl 1 (M) (a) IRAS 04296+3429, HMEIEILHFS5SWIEE #8812 R LT M, JF7EPIS AR U AT )+ 4544, (b) L, PupfICO
(J=3-2) RS ESR, HALMASIEEILIIES]. CO (J=3-2) /R ER AT h 4k Bl Ze b B 2, L5 1 o ] L
Figure 1 (Color online) (a) IRAS 04296+3429, captured by the Hubble Space Telescope using the F555W filter. The image clearly shows the

circumstellar disk, with distinct lobe structures at both ends. (b) CO (J=3-2) emission image of L, Pup, observed by the ALMA telescope. The CO
(J=3-2) gas traces the Keplerian disk around the central star, and its structure is visible

A2 B P T % BRI, T LR AP 8 I 5 P
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DY RLIX G, W R T, mIE RSN 2R
JELR25 K, B AN 1078 F/em?, ZE A2 b2g 5
RATEIE B AU E3x10°~3x 10 emiE B N, H 2 Pris
SIORB). FEPPNIEL, SMAlwmeEs 1TERFRIE, (1552
IBTEAR T ) L B AR 25 7. ok H R FrfR
S PL RGBT 0 B R AN T2 R e A B R A
T, BIRE - A 3-p RO, BT
WIZ T E A

ANFZEH PPN KA A A REAFAE 25 53 AR
TRRAR Y, WG B G AR SN A F2 AOKE 1 P93 B B4
T-CoH FTHCONTFAR, 33X 86 2 iy R 5217 S 4 FlLE PR e 4h
AR ORAS, AT APE A E R AYC,H, . HyY. H;OTHIHCO™.
JE e J2 10 2 PEARAIR, 38 14T I AR5 12 19854F,
Glassgold fHuggins & 1B 120 TR0, ke 1
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FHIAR. XHEA EE RS KikeE . SR
gk MR TER, 50T sl e
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T 7E 258 ML A B B 80 2 TRC+102 16 7)1 2 2846 0 218 1t
90F 43113, (HLAT BEAE g R A WL A B A2
Hh R BSR40 T4 T, FLIR R A i R B A )

Fifi % PPNEIPN AL, s IR B s, B
()58 AR S 5 25O R B i A2 oy it — A8 k. &
Refm AT T Rff e, fh2e 8 etk 2UR N RE, Bhis
A4 T B T-REEPNA T AL S A7 B . SRimT, 7
PN A R0 2 % 25 T R D e Ak 6 00 5 8 i 53
FFAEPO), HAR 2= A ML H AT A OSSR
E 24 7ECRL6 183X — & B FUPPN FRAGIN 2] T d fif BAAY 55
TR (R MRIFEE SRR S
B )1z WESE 0 MR B R AGB L IRC+10216 146 10 5]
X 7 RS 1 05 75 1 43 ] e FEPPNY B i o Stk
I, X AT REVE SN LA i E AL A AN CoH IR
AR N KA FHIPLHICY, X —ad f bl figre A 4%
REFAWST. GG ALY Re 24 TR 2
Friiff (diffuse interstellar band, DIB)iX— 140z ikt =5&
HE. DIB/ZTE B G T2 F DM 2555 i
eSS, Hg R SE R IO, SHE T S5
T TEASE. A20MH 2240 & BLE S, 15 5DIB#E Ak
H Ceo', MPPNREASTRETE B & Hks R W75 B Ak
AW, RATEESE PR A DIBRY AL T P 3543w A )
PPNUIIOH231.8+4. 2 A fF/EHNCO, HNCS. HC;NAl
CH;OHZE 5 LAy 7100 330 0437 (T ML i3 AS B
A WFFEN R vT BE 5K 5 HA i A R e,
231 BREAH

H AT 25 31 woR, A 2R SR i e 2K
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A Wk S PPN 41 2% 44 i) Calabash  Nebula (OH
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RO FIIEE, PAEFEENE R AR ToFE,
R, ATREE AU A U E 20 T, MG
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Table 1 The molecules of typical oxygen-rich disks
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F2 HENHERERARIHSTF
Table 2 The molecules of typical carbon-rich disks
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25 BRI AR 20 3CRIL, PupHPEAYAFIE /N T
10°4F. 33 F-Ud I REAS FH AL R 20— (8 SO0 SR 5%
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Stars with an initial mass between approximately 0.8 and 8 solar masses enter the asymptotic giant branch (AGB) phase
during the late stages of their evolution. The AGB phase lasts for about 0.1-20 million years, during which the star’s radius
can expand to approximately 1 astronomical unit, and its luminosity can increase to thousands of times the current solar
luminosity. The temperature in the outer layers becomes very low, leading to the formation of substantial dust that obscures
the central star. The strong radiation pressure acting on the dust drives gas outward in the form of stellar winds. These
ejected materials gradually form an expanding circumstellar envelope around the star. Subsequently, the winds continue to
strip the star’s outer envelope, and once the remaining envelope’s mass is reduced to about 1% of the star’s total mass, the
star evolves into the post-asymptotic giant branch (post-AGB) phase. This phase is relatively short, lasting for only a few
thousand years. During this time, the temperature of the star gradually increases, and when the central star’s temperature
reaches approximately 30000 K, it begins to ionize the circumstellar envelope. Eventually, the envelope becomes fully
ionized, transforming into a planetary nebula (PN) with a hot central core. Objects that evolve from the post-AGB phase to
the PN phase are referred to as protoplanctary nebulae (PPNs). With advancements in observational techniques, high-
resolution observations in recent decades have shown that during the PPN phase, most circumstellar envelopes undergo
morphological changes and generally exhibit non-spherical symmetry. These structures range from small-scale high-
density clumps to large-scale bipolar, spiral, or disk-like formations, suggesting that the radiation pressure driving the
ejection of material from the stellar surface is not isotropic and involves more complex physical processes. These changes
occur over very short timescales, and the high mass-loss rates at the end of the AGB phase increase the optical depth of the
circumstellar envelope, obscuring the internal structure and making it more difficult to investigate the mechanisms behind
the asymmetry. Currently, various hypotheses have been proposed to explain this asymmetry in the envelope, but the roles
these mechanisms play in shaping the nebula remain highly debated. Disk-like structures are a typical form of envelope
morphology during this transitional phase. Relatively well-defined evolutionary timescales and compositional components
make them ideal laboratories for studying molecular chemical processes in the circumstellar envelopes of evolved stars.
This paper reviews the formation and observations of circumstellar disks in PPNs, the molecules detected in typical
circumstellar disks, and recent chemical modeling. Additionally, we compare the physical and chemical differences
between PPN disks and protoplanetary disks. Our report highlights the presence of rich chemical processes within PPN
disks and summarizes the unresolved issues in current studies of these disks, which warrant further observational and
theoretical investigations.

evolved late-stage stars, circumstellar disks, protoplanetary nebulae, astrochemistry
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